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(37) ABSTRACT

A semiconductor device for driving a load includes a first
semiconductor switching element interposed between a
power supply terminal and a load, a second semiconductor
switching element mterposed between the load and a ground
terminal, a high-side drniver, a low-side driver, and a voltage
regulator. The voltage regulator reduces a voltage applied to
a control terminal of the second switching element, when a
voltage of a load terminal of the second switching element
1s lower than a predetermined voltage. Then, a voltage
applied between the load terminal and the ground terminal
of the second switching element increases, and accordingly
a voltage applied between the power supply terminal and the
load terminal of the first switching element decreases.
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SEMICONDUCTOR DEVICE FOR DRIVING
A LOAD

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on Japanese Patent Application

No. 2004-310865 filed on Oct. 26, 2004, the disclosures of
which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a semiconductor device
tor driving a load, the device including a first semiconductor
switching element controlled by a high-side driver and a
second semiconductor switching element controlled by a
low-side driver.

BACKGROUND OF THE INVENTION

A squib driver integrated circuit (IC) for driving an airbag
squib 1s disclosed 1n a data sheet of a squib driver TPD2004F
of Toshiba Semiconductor Company published on Sep. 11,
1998.

FIG. 3 1s a simplified circuit diagram of the squib driver
IC. A high-side circuit 1 includes an n-channel metal oxide
semiconductor field effect transistor (MOSFET) 3 and a
high-side driver 2, which 1s a charge-pump type. The high-
side driver 2 controls a gate voltage of the MOSFET 3. A
drain and a source of the MOSFET 3 are connected to a
power supply terminal VBB and an output terminal SH,
respectively. A low-side circuit 4 includes an n-channel
MOSFET 6 and a low-side driver 5. The low-side driver 3
switches on and off the MOSFET 6. A drain and a source of
the MOSFET 6 are connected to an output terminal SL and
a ground terminal GND, respectively. A squib 7 (shown as
a resistor 1n FIG. 3), which 1s a load, 1s mterposed between
the output terminals SH, SL.

The MOSFET 6 1s kept fully turned on (saturated) during
normal operation. The MOSFET 6 1s turned off, when the
MOSFET 3 cannot control the load current. Thus, the
MOSFET 6 1s capable of interrupting the current path to the
squib 7.

Less voltage 1s applied between the drain and the source
of the MOSFET 6 during normal operation, and conse-
quently heat produced in the MOSFET 6 1s negligible. In
contrast, the voltage of the power supply terminal VBB 1s
applied almost directly between the drain and the source of
the MOSFET 3, and consequently heat produced in the
MOSFET 3 i1s considerable. Even though there are the
MOSFET 3 and the MOSFET 6 1n the circuit, most of heat
1s produced in the MOSFET 3. Thermal margin of the
MOSFET 3 1s reduced accordingly. In other words, the risk
of thermal breakdown of the MOSFET 3 1s increased.
Therefore, 1t 1s required to increase the size of the MOSFET
3 to prevent thermal breakdown of the MOSFET 3 and cost

competitiveness 1s weakened.

SUMMARY OF THE INVENTION

In view of the above problem, it 1s an object of the present
invention to provide a semiconductor device for driving a
load, the device having a semiconductor switching element,
adequate thermal margin of which can be provided without
increasing size of the switching element.

The semiconductor device includes a first semiconductor
switching element interposed between a power supply ter-
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minal and a load, a second semiconductor switching element
interposed between the load and a ground terminal, a high-
side driver, a low-side driver, and a voltage regulator. At
least one of voltages of load terminals of the two semicon-
ductor switching elements 1s regulated to a predetermined
voltage, which 1s between voltages of the power supply
terminal and the ground, so that a power supply voltage 1s
dividedly applied to the two semiconductor switching ele-
ments.

Preferably, as long as the second switching element 1s
kept turned on by the low-side drniver (1.e., while the voltage
applied by the low-side driver to a control terminal of the
second switching eclement 1s relatively high so that the
second switching element 1s saturated), a voltage of a load
terminal of the second switching element decreases. Accord-
ingly, a voltage applied between the power supply terminal
and the load terminal of the first switching eclement
increases. Then, when the voltage of the load terminal of the
second switching element i1s lower than a predetermined
voltage, the voltage regulator forcetully reduces the voltage
applied to the control terminal of the second switching
clement. As a result, the voltage applied between the power
supply terminal and the load terminal of the first switching
clement decreases at the same time when the voltage applied
between the load terminal and the ground terminal of the
second switching element 1ncreases.

The power supply voltage 1s divided between the first
switching element and the second switching element. Heat
produced 1n the first switching element can be reduced.
Thermal margin of the first switching element increases
accordingly. Therefore, there 1s no need to increase the size
of the first switching element to prevent thermal breakdown
of the first switching element. A cost competitiveness can be

enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present mvention will become more apparent from the
following detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 1s a circuit diagram of a semiconductor device
according to an embodiment of the present invention;

FIG. 2 1s a detailed circuit diagram of the semiconductor
device shown in FIG. 1; and

FIG. 3 1s a circuit diagram of a conventional semicon-
ductor device for driving a load.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1

Reference 1s made first to FIG. 1, which shows a semi-
conductor device used as a driver circuit 1n an airbag ECU.
The drniver circuit has a high-side circuit 11 and a low-side
circuit 14.

The high side circuit 11 includes a high-side driver 12 fed
from a charge-pump type voltage step-up circuit (not shown)
and an n-channel LDMOS (Laterally Diffused MOSFET) 13
provided as the first semiconductor switching element. A
voltage of a gate terminal (a control terminal) of the
LDMOS 13 1s controlled by the high-side driver 12. A drain
terminal and a source terminal of the LDMOS 13 are
connected to a power supply terminal VBB and an output
terminal SH, respectively. The low-side circuit 14 includes
a low-side driver 15 and an n-channel LDMOS 16 provided
as the second semiconductor switching element. The low-
side driver 15 controls a voltage of a gate terminal of the
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LDMOS 16 and switches on and ol the LDMOS 16. A drain
terminal and a source terminal of the LDMOS 16 are
connected to an output terminal SL and a ground terminal
GND, respectively. An airbag squib 17 (shown as a resistor)
1s interposed as an electric load between the output terminals

SH and SL..

The LDMOS 16 1s kept fully turned on (saturated) during,
normal operation. When the LDMOS 13 cannot control the

load current, the LDMOS 16 1s turned off. Thus, the
LDMOS 16 1s capable of mterrupting the current path to the
squib 17.

In this embodiment, the low side driver circuit 14 further
includes an additional circuit ADC. The circuit ADC 1s
composed of a voltage regulator A1 and a switch SW1. The
voltage regulator Al 1s shown as an operational amplifier.

A drain voltage of the LDMOS 16 and a predetermined
voltage VBASE are applied to iputs of the voltage regulator
Al.

The switch SW1 1s kept turned oil, as long as a voltage

level of the power supply terminal VBB 1s relatively low so
that heat produced in the LDMOS 13 can be negligible.

When the switch SW1 1s turned ofl, the circuit ADC has no
eflect on the low-side circuit 14. In contrast, the switch SW1
1s turned on, when the voltage level of the power supply
terminal VBB 1s relatively high so that heat produced 1n the

LDMOS 13 may damage the LDMOS 13. The switch SW1
1s optional.

While the switch SW1 1s turned on, the voltage regulator
Al compares the drain voltage of the LDMOS 16 with the
predetermined voltage VBASE. If the drain voltage of the
LDMOS 16 1s lower than the predetermined voltage
VBASE, the voltage regulator Al reduces a gate voltage of
the LDMOS 16. The drain voltage of the LDMOS 16
increases as the gate voltage of the LDMOS 16 decreases.
Then, when the drain voltage of the LDMOS 16 becomes
higher than the predetermined voltage VBASE, the voltage
regulator Al increases the gate voltage of the LDMOS 16.
The drain voltage of the LDMOS 16 decreases accordingly.

The wvoltage regulator Al alternately increases and
decreases the gate voltage of the LDMOS 16 so that the
draimn voltage of the LDMOS 16 can be equal to the
predetermined voltage VBASE. Thus, the drain voltage of
the LDMOS 16 can be held constant at a desired voltage by
setting the predetermined voltage VBASE at the desired
voltage. Therefore, the voltage applied between the drain
and the source of the LDMOS 13 can be controlled using the

predetermined voltage VBASE, and heat produced in the
LDMOS 13 can be reduced.

As shown 1n FIG. 1, the circuit ADC includes two NPN
bipolar transistors 18, 19 configured as a current mirror
circuit, a constant current circuit 20, and five diodes D1-D5
configured as a voltage generator circuit. The constant
current circuit 20 1s fed with an electric power from the
power supply terminal VBB and supplies a constant current

to the low-side driver 15 through the transistor 19.

A first diode circuit 21 1s composed of the four diodes
D1-D4, which are connected 1n series. The first diode circuit
21 1s connected 1n series between the output terminal SL of
the low side driver 14 (1.e., drain of the LDMOS 16) and the
collector of the transistor 18. Specifically, an anode side of
the first diode circuit 21 1s connected to the collector of the
transistor 18 and a cathode side of the first diode circuit 21
1s connected to the output terminal SL. A second diode
circuit 21 1s composed of the diode DS. An anode of the
diode D3 is connected to the collector of the transistor 18
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and a cathode of the diode D3 1s connected to the gate of the
LDMOS 16. An emitter of the transistor 18 1s connected to
the ground GND.

Consequently, the first diode circuit 21 1s interposed in the
forward direction between the drain of the LDMOS 16 (i.¢.,
a terminal connected to the load 17) and the ground terminal
GND. The second diode circuit 1s interposed in the forward
direction between the gate of the LDMOS 16 and the ground
terminal GND. The voltage regulator 23 1s composed of the
first and the second diode circuits 21, 22 and the transistor
18.

Operation of the circuit ADC will be now described with
reference to FIG. 1. I1 1s an electric current that flows
between the collector and the emitter of the transistor 18
through the diodes D1-D4, when the first diode circuit 21
conducts. 12 1s an electric current that flows between the
collector and the emitter of the transistor 18 through the
diode D5, when the second diode circuit 22 conducts. VF 1s
a forward Voltage drop across each diode D1-D5. VCE 1s a
voltage between the collector and the emitter of the transis-
tor 18. The LDMOS 16 i1s full on, while a voltage level
applied to the gate of the LDMOS 16 1s higher than the sum
of VCE and VF.

While the LDMOS 16 1s fully turned on (i.e., while the
gate voltage of the LDMOS 16 1s relatively high so that the
LDMOS 16 1s saturated), the drain voltage of the LDMOS
16 1s reduced to almost zero. Theretore, the first diode circuit
21 1s maintained 1n non-conducting state and no current I1
flows. In contrast, the second diode circuit 22 conducts and
the current 12 tlows, because the gate voltage of the LDMOS
16 1s higher than the sum of VCE and VF.

When the current 12 flows, the gate voltage of the
LDMOS 16 decreases up to the sum of VCE and VF, and

accordingly the drain voltage of the LDMOS 16 increases.
Then, when the drain voltage of the LDMOS 16 becomes

higher than or equal to the sum of the gate voltage of the
LDMOS 16 and a voltage triple. VFE, the first diode circuit
conducts and the current I1 tlows. Thus, the drain voltage of
the LDMOS 16 1s held constant at the sum of the gate
voltage of the LDMOS 16 and the voltage triple VF 1n a
series ol operation, where the first diode circuit 21 and the
second diode circuit 22 alternately conducts.

The voltage of the power supply terminal VBB 1s divided
between the LDMOS 13 and the LDMOS 16, and conse-
quently heat produced 1in the LDMOS 13 can be reduced.
Thermal margin of the LDMOS 13 can be increased accord-
ingly. Therefore, there 1s no need to increase the size of the
LDMOS 13 to prevent thermal breakdown of the LDMOS
13. Cost competitiveness can be enhanced.

The embodiment described above may be modified 1n
various ways. For example, a MOSFET, an insulated-gate
bipolar transistor (IGBT), a bipolar transistor, or the like can
be used as the semiconductor switching element instead of
the LDMOS 13, 16.

Such changes and modifications are to be understood as
being within the scope of the present invention as defined by
the appended claims.

What 1s claimed 1s:

1. A semiconductor device for driving a load comprising;:

a first semiconductor switching eclement interposed
between a power supply terminal and a load and having
a first control terminal and a first load terminal con-
nected to the load;

a second semiconductor switching element interposed
between the load and a ground terminal and having a
second control terminal and a second load terminal
connected to the load;
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a high-side driver which controls the first semiconductor
switching element by controlling a first voltage applied
to the first control terminal;

a low-side driver which controls the second semiconduc-
tor switching element by controlling a second voltage
applied to the second control terminal; and

a voltage regulator which regulates a voltage at the second
load terminal to a predetermined voltage, which 1is
between voltages of the power supply terminal and the
ground, by controlling the second control voltage 1n
response to the voltage at the second load terminal, so
that a supply voltage of the power supply terminal 1s
dividedly applied to the first semiconductor switching
clement and the second semiconductor switching ele-
ment, wherein

the voltage regulator forcetully reduces the second control
voltage applied from the low-side driver to the second
control terminal 1n a state where the voltage of the
second load terminal 1s lower than the predetermined
voltage,

the voltage regulator includes a first diode circuit inter-
posed between the second load terminal and the ground
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terminal to allow a first electric current to flow 1n a
forward direction from an anode side of the first diode
circuit to a cathode side of the first diode circuit and a
second diode circuit interposed between the second
control terminal and the ground terminal to allow a
second electric current to flow 1n a forward direction
from an anode side of the second diode circuit to a
cathode side of the second diode circuit,

the first electric current flows through the first diode
circuit only 1n a state where the voltage of the second
load terminal 1s higher than a predetermined voltage,
and

the second electric current flows through the second diode
circuit to reduce the voltage of the second control
terminal 1 a state where no electric current tlows
through the first diode circuit.

2. The semiconductor device according to claim 1,

wherein

the first and the second semiconductor switching elements
are metal oxide semiconductor field effect transistors.
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